We present some recent results concerning the analysis of Hubble Space Telescope observations of Lyman-α absorption from the heliosphere and astrospheres. We present heliospheric absorption predictions from the first extended-tail 3-D MHD model of the global heliosphere, with kinetic neutrals. The model nicely reproduces the hydrogen wall absorption observed upwind, but appears to overpredict the amount of absorption from inner heliosheath neutrals in downwind directions. Regarding astrospheric research, we discuss recent evidence supporting the existence of a highactivity truncation for the mass-loss/activity correlation inferred from astrospheric absorption.
INTRODUCTION
The Hubble Space Telescope (HST) is certainly not a mission designed to study heliospheric structure, but it turns out it does provide one observational diagnostic that explores parts of the outer heliosphere inaccessible to any other observing platform. That diagnostic is H I Lyman-α absorption from heated neutral hydrogen in the outer heliosphere [1] . There have been two high resolution UV spectrometers on board HST, first the Goddard High Resolution Spectrograph (GHRS) from 1990-1997, and since 1997 the Space Telescope Imaging Spectrometer (STIS). These two instruments have provided many high quality Lyman-α spectra of nearby stars. Nearly all of these observations were taken by various guest investigators to study the stars themselves or the intervening ISM between us and the stars. Nevertheless, all of these lines of sight pass through the heliosphere and many of the Lyman-α lines are found to contain absorption signatures from heliospheric material [2] .
The lines of sight to nearby solar-like stars will also pass through the "astrospheres" surrounding the observed star. Given the detection of heliospheric absorption it would be unlikely that astrospheric absorption would not also be present, and it has in fact been detected as well. This astrospheric absorption is remarkable for providing the first way to detect and measure the winds of solar-like stars, which has important ramifications for many areas of astrophysics [3] . We here summarize some recent results concerning both the heliospheric absorption and astrospheric absorption.
NEW RESULTS CONCERNING HELIOSPHERIC ABSORPTION
Interpreting the heliospheric Lyman-α absorption has always required the assistance of global heliospheric models [4, 5] . The new results presented here about heliospheric absorption are not a product of new data, but about an advance in modeling capability. To understand the relevance of this advance, it is necessary to first describe the two different heliospheric absorption components that have been detected. The first is the hydrogen wall absorption, which is from neutrals formed by charge exchange in the so-called "hydrogen wall" between the heliopause and bow shock. This absorption component accounts for most of the heliospheric absorption detections, but it has been detected only in upwind directions [2] . The second absorption component we call the inner heliosheath absorption, from neutrals created by charge exchange in between the termination shock and heliopause. This absorption has only been detected for a few lines of sight very close to the downwind direction, looking almost directly down the heliotail [6] .
In order for models to confront the Lyman-α absorption data, they must first and foremost be able to compute the properties of neutral hydrogen properly. Since heliospheric neutral H is not in ionization or thermal equilibrium with the plasma, this means either a multi-fluid [7] , or ideally a fully kinetic code [8, 9] . Traditionally, such models have been computed in a 2-D axisymmetric geometry, but recent results from the Voyager spacecraft and the Interstellar Boundary Explorer (IBEX) have focused attention on asymmetries introduced into the heliospheric structure by the ISM magnetic field [10, 11] . It is certainly of interest to see if these asymmetries have a detectable signature in the absorption diagnostic.
However, modeling the asymmetries requires a fully 3-D MHD code. Thus, the state of the art global heliosphere model has become a 3-D MHD model with kinetic neutrals, which treats neutrals and plasma in a self-consistent manner. Such models are now available [11, 12] . But modeling the inner heliosheath absorption component, which is only detectable towards the heliotail, adds an additional requirement: a model grid that extends at least 5000 AU downwind in order to capture all the absorption in a downwind line of sight. Work with a previous extended-tail model suggested negligible absorption beyond 3000 AU [13] , but stretching this to 5000 AU seems wise to allow for potential model dependence. Extended-tail models have been computed in a 2-D axisymmetric geometry [13, 14] , but never in a 3-D geometry.
We here present in Figures 1 and 2 absorption calculations from the first extendedtail, 3-D MHD model, with kinetic neutrals. The MHD equations are solved using a Roe's-type scheme adopted for a non-uniform flow-adapted grid, having a structure like in [15] . The grid has been extended in the tail as described by [16] for a 2D case. The number of cells downwind is varied from 200 to 400 cells, distributed non-uniformly, with a higher cell density closer to the termination shock. Testing is used to demonstrate that results do not change when the number of cells is doubled.
The model assumes the ISM parameters of [12] , and solar wind parameters from [17] , including He. This ISM field is assumed to be B = 3.5 µG, oriented within the hydrogen deflection plane [18] , at an angle of α = 45 • from the upwind direction. The coordinate system used in the figures is oriented around the axis defined by the ISM flow vector, with θ = 0 • being the upwind direction. Figure 1 shows absorption computed in 40 different directions through the heliosphere, sampled at 5 different poloidal angles Focusing on the upwind θ = 30 • panel, we note that both absorption components are clearly visible in the absorption profiles. The hydrogen wall is responsible for the deep absorption at velocities below 30 km s −1 , with a sharp absorption edge at that location. The inner heliosheath absorption is responsible for the very shallow, but very broad absorption in the wing of the line at velocities above 30 km s −1 . The lines in the first two panels of Figure 1 basically lie on top of each other. This means that despite the existence of structural asymmetries in the heliosphere induced by the ISM magnetic field, there is little asymmetry expected in the distribution of absorption for θ < 90 • . Different aspects of the asymmetry end up canceling each other out with regards to the absorption. For example, the hydrogen wall is narrower at φ = 0 • than for φ = 180 • , but hydrogen wall densities are greater at φ = 180 • . The integrated column density at φ = 0 • and φ = 180 • ends up being similar, so the absorption in both directions is about the same [19] .
However for θ ≥ 90 • , absorption asymmetries become increasingly apparent, especially in the wing of the line where the inner heliosheath absorption dominates. Absorption is maximized at φ = 0 • , indicating an effective deflection of the heliotail towards that direction. A minimum of absorption is seen at φ = 90 • and φ = 270 • because the heliosphere is being compressed perpendicular to the magnetic field. All of this is consistent with results found previously [19] .
What is new here is that with this new extended-tail model we can meaningfully show how the model predicts the absorption should behave at θ = 150 • . One interesting and unexpected feature is that the difference in absorption between φ = 0 • and φ = 180 • seen so strongly at θ = 120 • mostly disappears by θ = 150 • , indicating that this heliotail deflection effect no longer yields any absorption asymmetry. But the compression of the heliosphere perpendicular to the magnetic field is still important, as absorption is still minimized at φ = 90 • and φ = 270 • .
However, we have only detected the inner heliosheath absorption within 20 • of the downwind direction (i.e., θ = 160 • − 180 • ), so the model is clearly predicting too much absorption downwind. This is explored further in Figure 2 , which represents a direct comparison between actual data and the model predictions. These are the same lines of sight that we have used previously [19] , so we refer the reader to this previous work for a detailed description of the data. Except for a slight underprediction of absorption for 36 Oph, the model does an excellent job of reproducing the observed hydrogen wall absorption in upwind directions. But in more downwind directions the model is predicting too much heliosheath absorption. This is true for certain lines of sight such as DK UMa (θ = 112 • ) and ε Eri (θ = 147 • ) where we have not detected any heliospheric absorption at all. It is also true for velocities of 60 − 120 km s −1 for the three lines of sight where we have detected heliosheath absorption (χ 1 Ori, HD 28205, and HD 28568), although for those three lines of sight the model actually appears to underpredict the absorption for velocities > 120 km s −1 .
There are two important caveats regarding these results, each of which may help to explain the data-model discrepancies seen in downwind directions in Figure 2 . The first caveat is that in this 3-D model the numerical Monte Carlo "shot noise" is too high to allow us to compute line profiles directly from the velocity distributions, so we have to use local Maxwellian approximations for the various neutral components to compute the absorption. We have previously found that this approximation is fine for the hydrogen wall absorption, but is quite problematic for the inner heliosheath absorption downwind, and will likely lead to an underestimate of absorption at velocities > 120 km s −1 [13] . The second caveat is that our model is using the traditional single-fluid treatment for the plasma in the heliosphere, but this treatment is simplistic. A more sophisticated multicomponent code for the heliospheric plasma has been developed [20] , but this timeconsuming plasma code has not yet been incorporated into a 3-D model. Nevertheless, experience with 2-D models leads us to expect that the more sophisticated plasma treatment would decrease the absorption downwind, improving agreement with the data.
NEW RESULTS CONCERNING ASTROSPHERIC ABSORPTION
The most important consequence of the astrospheric Lyman-α absorption is that it has led to the first measurements of the winds of solar-like stars, allowing the first assessments of how these winds depend on stellar properties such as coronal X-ray emission [3] . Figure 3 shows a plot of mass loss versus X-ray surface flux for main sequence stars. Given the apparent correlation of mass loss with activity present among the lower activity stars, a power law is fitted to those stars. But this relation seems to fail above surface fluxes of log F X = 6.0. All three stars with fluxes above this level have mass loss rates much lower than the power law relation would predict. There is some reason to believe that very active stars may have fundamentally different magnetic topologies than less active stars, so such a "wind dividing line" is not implausible [3] .
However, the existence of the line relies on very few measurements, two of which (Proxima Cen and EV Lac) are tiny M dwarf stars that are less solar-like than the other stars in Figure 3 . In assessing the existence of a log F X = 6.0 dividing line, much relies on the ξ Boo A measurement, as ξ Boo A is a far more solar-like G8 V star. However, ξ Boo A has a less active companion, ξ Boo B (K4 V), and the astrospheric absorption data cannot tell us whether the wind that is being measured is from ξ Boo A, ξ Boo B, or both. This complicates the interpretation of the ξ Boo mass loss measurement. Some clarification has recently been provided by Chandra observations of ξ Boo, which has FIGURE 3. Mass loss rates measured from astrospheric absorption plotted versus coronal X-ray surface fluxes. For the lower activity stars mass loss appears to increase with coronal activity, and a power law has been fitted to those data. But there is some evidence this relation ceases at the "Wind Dividing Line". Three points are plotted for the two components of the ξ Boo binary, assuming 3 different divisions of wind between the two stars.
spatially resolved the binary system in X-rays for the first time, allowing X-ray fluxes for both stars to be measured separately for the first time [21] .
These measurements have interesting ramifications for the wind dividing line. In Figure 3 , three points are plotted each for ξ Boo A and ξ Boo B for three different divisions of the wind between the two stars. Now that we know ξ Boo B's activity level precisely, we know that it has a coronal activity level similar to that of 36 Oph, 70 Oph, and ε Eri; but the only way ξ Boo B could have a wind even close to as strong as those stars is if it accounts for nearly all of the ξ Boo binary's wind, leaving very little for ξ Boo A. This is an argument for ξ Boo A having a very weak wind, which would strengthen the argument for the existence of a wind dividing line at log F X = 6.0 [21] .
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